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It is ]Jro]msed  that  sul)s]mtfs  (and otllcr flux c]t-lcrgw]cc  ])llc]lomclla)  ori,e,il  Iatc

duc to tile ]msmlcc  of fluctuating mag,]]ctic fidds  Cc)]]l])lolllelltill:,  tl]c re~ulal’,

II-I(W1  field in the collvcctioll  ZOIIC. ‘J’hc ]rlmn  fidd prdictcd  by dj’lJalrlo  tl]corics

is too weak itsdf  to cmmge at tl~c surface of tllc Sul]. ] IOWV(!l’  t] 1(! total

magnetic field (mcml  ])lus fluctuations) at IaIidom tilncs Ix!colnm sufficiclltlly

strm]g to mllcrge  at the solar surface. 111 this way the ~nca[l  field is rcqmllsiblc

for otmcrvcd  mgularitics  of tl]c suns])ot  n]aglletic  iidds, sucl) as the I]alc’s  l aw

and Lllc 1 ]-year ]Jcriodicit,y,  a]ld tl]c fluctuations  arc rcslml]si~)]c  for clllcrgcl]cc

of t,llc magnct,ic  ficlc]  of i])dividl]al  Sl]l IS]mtjS.
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1. introduction

‘1’l)c cal]y coIIcc])t of tllc  orip,ill  of suIIslmts  (1 labcock 1961, 1 ‘arkw 1979)  was baswl

011 (11(:  i d e a  of a magncti(:  100])  elnergill~, froln  tl]c co)lvcctivc  ZOIIC to tllc  s o l a r  sllrfacc

[111(’  to hoyallcy. ‘1’IIc IIlag]lctic  loo]H were  asslllncd  to bc calwcd  I)y illstal)ilitics  o f  t he

lars,cscalc,  meal]  Illagl)ctic  fidd gcncraijd  I)y tlllc  joint  ~lctioll  o f  tllc  difl(!r(!)ltial  mtatjioll

al]d lt]call hclicity  of tllc  col]vcct,  ion (dylla]  no).  ‘1’llc ]I]call  f i e ld  had tl)c fornl of w’avcs

])m]m:,atin?,  from tllc ]mlcs to the cquatol  ill 11 -years. ‘J’l]is  colicq)t  cx])lai]lcd  tlic  so l a r

sill Islmt, Cycle  ill its Imsic ]Il:l]lifcst,:itic)lls: tjllc h’] aul Idm t)uttcIfly  dia~raln  and 11 ale’s ]aw of

tllc  field }mlaritics. ‘1’hc idea of i,lIc mcan ficlcl  gcnclat,ioll  and its cvolutioll  was justifid

:111(1  (lcvclo])~xl  ill nulncmlls  st, udics  (c. f, hloffatt  1978, }}arlicl’ 1 9 7 9 ,  K r a u s e  &l{ ‘adlcl’

1 9 8 1 ,  Zclciovic]l,  ltuy,[naiki]] &, %fmloff 1983). ‘1’lia)rics  of irlstal)ilit, ics ]ca(lin:,  t o t}lc

for]llatioll  of clrlcrp,i]lg  Iilagllctic  loo])s  }vcrc less  adva]]cc[] lI()\vcvcr.

l{(!cclltly a 111( XIC!1 of stm’a~c, ilistal)ilit,y  al)(i dyllalllical  crul)tiol]  of lrla~r]ctic  flus LLIIJCS

tile  collvcctioll  ZO]lC has 1x’(!1I dmclo~d  (Sclliisslcr  ct al. 1994. Caligari 1 995). Accordil]g

tlllis  lnodd,  a toroidal  flux tube stored at tl})c overshoot layer lxm~))cs  m)stat)lc  aIId cru~lts

tlic  sllrfacc of t,l)c SUJ) WIICII its field strcIIp,  LII cxccds  1():’ G. IVcakcr  fields arc either

st,al )] c Or ~,l’()}jr  to(-) slowly. ‘1’l]c lliod(!l  is ill a ~ood  ap,rccnlrllt  \vitl]  tl)c lmsic olm:rvational

facts related to Sllns}mt  Inagnctic fields ill t,llat,  t,llc flux t,ul)cs cl]lcrgc  at, low llclic)l:ttit,~lclf:s

ali(l  llavc tfllc  c o r r e c t  illclillatiol]  all(l asyl[llnctry  Ivitll]  rcslm:t to tlllc wlstj-~vcst,  dircc’tio~l.

llov’ever, tllcrc is still a

SIICII  a stfrollg  lna,ylctic

w}lic]l  is only abollt  104

])101)1(!11-1 to I’(’sol\’(!. (~c)lli’c;ktjic)]]:~l  dylIaIIlo  tllcoricx  do Ilot ~)rcdict

field. ‘lllIC l)mlictfcd  field dots not cxcd tllc  [;(~tli~);~ltitic)ll  field

G (Sclliisslc!r  et, al. 1 994).

‘J’]]is  lm]wr  suggests solving  t]lis ~)rob]cln  by t,akin~ into accollllt  t]lc raIIdoIn,  f]uctuatillg

l[lagllctJic  f ields i~l tllc  solar  colwcctioll  7,01]c. A l t h o u g h  tllcrc arc rcguhitics  ill sunslmts

t)cllavior,  Wit]lill  t hese  rcglllariti~s  c:Lch sulls]mt, a~)~mHs at a raIIdom  ti]I\c and at a ralldoln
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site. ‘1’llc IIulnbw of sum]mts olmcrvcd  i]] a <,ivc]l cycle fluctuates. III addition, t,llc si]ll])lc

qllcstion of wily sunspots  ocxu]y  so slnal]  al] aIwi  011 tll IC solar  sllrfacc  (Icss tllIa  II or about

1 % )  lwumIcs a ])roblmn  if wc relate tl]c sum~mtl  orig:in  to ollly tllc Inca[l llla~llctic  fidd.

‘J’11(: irn~mrtanc(!  of ffuct,llat,i~lp;  fic]ds is il]dicatc!d ])v o}m!rvatio]ls.  It ])as lxx!]) llotd  t]l:l~

tjllcrc  is 110 sillglc  large flllx tube ill tl)c su)]s])ot forlnatioll. lllstcad,  tllc  s~]lls~mt lnag]lctic

fidd is assclnl)lcd  over a lx!riod of lIours  and days t,llIollglI  t,llc ])rop,rcssivc  gatllcri~lg  of

lnatly  flllx t,ubcs (Zwaall  1  9 7 8 ) .  111 accord  lvit,ll  t,llcx+c 01 mrvat,ioIls  tllc orip,il]al  (’oncq)t,

has Ixxm dcwclo])cd iIl sudk a way that “tllc s[IIlsJwtj  a])]jcars  as a dyIlamic:al  Clustcri]]g,  of

l]lall.y  sc~)aratc  fll]x t,ubcs, ])rmsd t,o~ctl]cr to foI]n a  si]]p,lc! flIIx tul)c  at tllc  sLIrfacc,  hut

otllcrwisc distiIld  aIld sc!])arat)c wit)l]i]l t,l]c iIltmior  of  tllc  S1111’! (I)arkcr 1979). I1OWWW.  ill

th is  dcvclol)mcnt  tllc  flux t,ulm w(:IC t,rcat,[!d as rc~LIlar allcl  lIc)II-I:lll[lc)IIl.

}Icrc t}lc ralIdc)InlIcss  of su]lsl)ot  field is co]}sidcrwl as a vuy i]tl]mttallt f’a(:t)ol.  WC

usc LIIc idc!a, discovmwi  ill LIIC study  o f  dyI]aI]lical  systmns  (SW for cxaIIll)lc WimCIlfcld  &

Moss  1995) ,  that ]Ioisc ]jlays a co~lstructivc  role ill det,mt,io]l  of ~v(!ak r](rio(lic  sip,] ]als. ‘J’llis

])1ICI1OIIICIIOI1  is calld ‘[st,ocl]astic  rmoIlallcc”.  Altlloug]l  it, h a s  IJW1l rwog]li~,d  that it i s

]Iot a true reso]lancc  efl’cxt, tllc  t,crIIl is still ill USC, ‘J’l)c ])rcsc~lt  ])a~mr \vill  I]ot LISC this tcI ]~1

and is rmtrrict,  cd t,o tllc  siln])lcstl  lnodcl  of tllc  IJoisc-])crio(lic sigylal  illt[:l:l(:tlioll.

2. !l’hc formation of suns])ots :is a t,ll~.c:sllolcl-crossillg  phcnolncnoll

A s s u m e  that sulls])ots  originate amc)rdi]]~,  to tllc  scm]ario  dcscribd  iIl tllc  IIlodel

(Sc}liisslcr d, al. 1 9 9 4 ,  Caliga]’i  1995) I)ut with t]lc rclati~’c]y weak  (sLIl)tllI(!slIc)l(I)  IIlCaII

field ~c]]cratlecl  lJy dyIlaIno. ‘J’lIc crossillf,s  of  tlw 10:’ G tl]rcsl]old,  rquimd fo] tl]c fidds  t o

CII”lClgC  to LIIC solar surface, will IN ])rovi(l(!d With tllc:  ]lc1])  of f]ll~tl]at,i]lg  Illag]]ct,ic  ficlcls

(])oisc) su]milnposcd  011 the Incml field. ‘J’lIe ])IWXHICC  of tlIC IIICaIl ficlci  e,xplai]is tllc bas,ic
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c)l)s[:rvcit)ic)l]tll  r[!gulariticx  and  relates  su]]s]mts  (0 tl]c s o l a r  Cj’cle. ‘1’llus,  tll(! lmi(’s of the

origil)a]  m~lcc])t m’c ])rcservd. Ilowcvcr ,  ml ill-l])ortlallt,  ]lcw dcl]lcl)t  a]qxms:  tlllc IJoisc

(turt~lllc],cc)  is strong c,]oup;l~ to ]mmit the ,nap;,lctic  flux clTicrgcl]ce.

’110 ]Jroducc  tllc  ]nmtl field, regular lnotiol)s  sucl) as dif[cmltial  mtatio]l, allcl  corrc!lat, iol]s

s1lc}l  as kil)ctic  }lclicityj  arc nccdcd  (hloffatt  1978, l)arku 1979, KraIHC &l{’acllPr  1981). ‘J’l]c

f luctuat ing lnagnctic  fields arc ]Jroducd  Iy tllc  same mnvectioll  wllidl drives t,llc (lyIialllo.

‘J ‘1](!  $,c])cration  of the fluctuating, map,nctlic  field is less dclllalldillg:  m]y thr(!c-dit  nmlsiol]al

rall(lo]n  motiolis are sufficicl]t  (7’, clclovicll,  ]{,uzlllaiki~l  LT. Sokolofl  1983, hlOl(:l]aIIOVj

ltuzl[laikil]  L7, Sokolofl’ 1983). A]] i]n])c)rt,a]]t,  feat, urc o f  fluctllatiol]s  i s  tl~c  a.~m:llcc of a])

ll])]mr  lilllit  on t,l)eir magl)itudc.  Alt,hougIl tllc  varial]cc  o f  fl~lctlmtiolls  is  lilllit cd. say  l)y

t,llc m]ui])artioll  lx:I,wcclI  t he  ki]~ctic and Inagllctic  cllcrgim, tllc  occlll’lc’ll(:(!  of large I“alldol:ll

dcviatliol]s  is rcst]ictlcd  oIIly I)y the fonl] of Lllc distril)utioll  fu]lction  of tllc  flllctuati]lg field.

Ccllcral  collsidcratio~ls  snow t]lat,  tlllis distril)utio]l  f~l]lctioll  is I]ot Gallssial  I, it lIas a larF;cr

])rolmbi]ity  for t,llc occurIeIIce  of St,rOIIg f ie lds  (hlolclia]lov.  I/uzInaikiIl & SokolofJ”  1 983). A s

all Cxalll])]c  t,llc threshold crossing lnodc]  wit]) an cx])c)l]c’llt,i:ill}~  distlril)ut,  c(l ]Ioisc  is 11s(!(1

l)(!]ow. (r]h IIl(![lll  wduc, calculatd  wit]) tjll[!  llcl]) of tllc  distril)utio~l  fundioll,  is sut)tractd

to ])rovidt!  zcrc)-lncal) flllctuat,iolls.  ) ‘J’llc  cxlJollcllt,i:d  i s  Ilsc(] as all [~])])roxilll:~t,ic)ll  (of tll(:

dishil)utim  fundiml  for stro]lg  f i e l d s .  IT] ])ri]lci])lc  Gaussian  IJois[! [oul(] l>c usc(] ])llt,  it is

less cffectivc,  i .[>. gives fewer crossill~s.

(hisidcr  a si]n])lc systmn  wl]ic}l consists  of a t,l]rcsllold: a s~]l)tllI(:s]lo](i  ~x!riodic  sig[la]

al]~l noise  ( s e e  the u])~)cr ~mlicl of h’ig. 1 ) .  ‘J’iIc tllrml]ol(]  is idc]ltificd  with 11~), = 1(15 G .

‘1’l]c ])criodic  si~nal  rq)rcsents  t,llc ]IICa]I  ]nap,lictic  fiel(]  B :,cIlcratcd by tllc  dyIIaInO. ‘1’11(:

]]oisc is a raIIdoIn,  fluctuating I]]ag]]ctic  fidd /J, ]Iotll tlllc alli~)litud[!  of tllc  J)criodic  field an(l

tll(: varia]lcc of fluctuat,i]  I:, fields are aSSIIIIICd  to I)c slll)t,lltcslic)lcl.  ‘1’llc tllr(sllold  is cross[d

at tl]c  tiln(!s W1]CII  t]lc t o t a l  flcld II = IJ -I b is lat’gc  [!]ioug]l, i . e .  )1 > }lttL,  ‘ill IC t,llrcsllold



crossil]p,s  is  a  Iandoln  signal  Inodulatlc(l  by t h e  ]miodic  lllmi]  field.  l’llcll  crossill~,  call bc

itltcq)rctlcd  as a flux tube clnmgcnm. ‘J’hc l]llllltmr of Crossil)gs  ~m a cut,aill  tilllc  illtcrva]

silnulat,m  the sulls])otl  Ilumber. ‘J’llc  silnulatioll  was carrid out for 1 1(1 “ymr”  sa)l]])l(!  with

tllc  1 day tilllc  unit.  A ~mticular real izat ion is  SIIOWI] ill l’ig. 1.  (1’or  tllc sake  of clarity

olll,y  a lla]f of tl}c int[’rval  a])d oHly mwry  30-t)ll  ]milltl  of tllc  ra]ldolrl  cutvc arc sl]owl] i~l tllc

u])]m lEL1lc1 of I“ig, 1 .) ‘1’llC  1(W ])alld Snows t]l(! “allllllal”  llU1ll]K1’  of cross ill:s.

3. I )iscussion

‘1’1](]s tllc dyIIaIIIO  can  l)roducc  a lclat,ivcly  weak  magnt!tic  field so that t,llis  field is not

al)l(!  t-m Clllclge at, tfllc  su r face  o f  t,llc Sllll,  }lo~ycvcr  irl t]lo ])]mcl](c  of llla~,]lctic  flll(’t,(l:itlic)l}s,

wllic]l  a l so  call ]Iavc a sul)t,llrcsllold  variallm, t,l]c flllx call clIIcrp,c. ‘1’llc lIlcali field llowcvcr

l)lays al] i)ll])ort,al]t,  ro]c ill ~)roducill~ t,ll~  OIXWIVU] f~at,llres of tllc  slllls]mt,s  llla~llctic  fiel(l

an(l t!ll(!  solar Cyc](!. ‘1’1](! sillll)le lnodc]  ])rcsclltd ill this ~)a])(!r serves only  as a qualitative!

(lclllc)llst,l;Lt,i[)ll  o f  this cfltict. Llorc  scJ1)llisticatecl  II~OdCIS  }vllicll  \\’ill illcludc  t,llc s])atia]

(Iistril)utioll  o f  t,llc lnagllctic field (Cly]lal]lc)  \vaves for tllc  Illcall  ficl(l) a~ld a IIIOIC rdistic

distlrit)ut,ion  fu~lction for tllc  fluctuatil]g  fidds  arc u]ldm  cl(:~~cl[)])jll(:llt,.

1  tha~lk J. }~cynmm for hd])ful  m~nlnc:llts, ‘J ‘his mscardl wws conducted  at tllc ,Jct

1 ‘ro]){~lsio]l  1,aborat,ory,  California ]Ilstit,llt,e  of ‘l’CC]IIIOIOgY, UIIC]CI collt,ract  with NASA.
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}“i&. 1.- A tllrcsllold (the st,raigl]t  lillc of tllc  Ilnit,  lleip,llt),  a sul)tlirml]old  1 l-ycat  ])criodic

signal  of ().5 alll~)lit,llc]c)  allcl  t]lc:  cx])o]]c])tially  c]ist,  ril)llt, c(l ]lois(:  of a va]iallcc  ().3. I’JT1l CI1 tll),(:

sllnl of t,hc (]~l~tll[~tillg  and IIIC::WI fic]c]s  C.XCCU]  ~lIC t,]ltcs]lo]d  a crossing  occurs, silnulatillg

a  ~llagy[:t,ic  loo])  mlcrgillg  at tllc  sulfaco of tllc  SUII. ‘1’l]c ]Iulllt)cr o f  crossil]gs  ]H year is

Sllowll 011 tllc  low palld.
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